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1. Summarx

Measurements were made of the variation with vibrational state of the
spin-rotation constant of F in LiGF. A new two-chamber oven was constructed
to reduce polymerization. Tests are being conducted to see if the mass
spectrometer in the cpparatus can be used for leak hunting. The poasibility
of using an electric resonance epparatus as a high precicion vroltweter or
voltage standord s discussed.

2. Vibrational Effects in LiéF

In June Mr. Kastner ond Mr. Rusaell recorded the spectra of LiGF aris-~
ing from the 2,0 —» 2,2, transitions in the vibrational states v = 0,1,2.
The spectrum for each vibrationnl state consiste of two lines specrated by a
frequency equal to the spin-rotation constant of ¥« An analysis of U .
spectra revealed a change of less than 1 percent in thias constant between
v=0and v =1, and a decrease in its value fromv =1 to v = 2 &f § per-
cent. This kind of change has not been observed in either the molecular or
nuclear-molecular constants of any other moiecule; these latter constants
usually change in a nearly lineor fashion. Thisz odd behavior in the epin-
rotation constant of LiF has lcd to an interest in its walue for v = 3. At
the time the dota was taken the spectrun for v = 3 was too faint to observe.
However, there is some hope that with improved conditions +his spectrum mny
be obtained and we ere presently attempting to get it.

3. Polymerization of Lithium Bromide

In our last report mention was mnde of the possibility that our diffi-
culties in observing the opectra of LiBr arose from pclynmerization of the
molecules. Since then we have lesrned from Mz, lMiller at Columbia University
thot a rather igh degrzc of polymerization (mostly dimcrizatiorn) does vccur

in LiBr and prceswwwoly in all of the lithium halides. He found, under his
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conditicns of operation (hc used o two chamber oven), that about 78% of his
LiBr beanm consisted of diners. If we assuue thut polymerization is the only
effcet reducing the intensity of our spectra, then we would conclude that
under our corditions about 99% of the bean was polynmerized.

A neans for reducing the polymerization of molecular beans kas been
developed by Kusch and Cotd who built a two chamber oven for this purpose.
In their oven the slits were heated to a differcnt temperature fron the solid
(or liquidjcuarge. Thus the temperature and pressure of the bean were inde-
pendent variables. We have constructed such an oven and cxpect to test it in
the ncar future.

4. Vecuun Problens

During rmost of July and August we have been beset with vacuun problens.
One of our new liquid air traps developed a leak in the botton and had to be
resoldered. In the course of uncovering this difficulty we decided to put new
o1l in the diffusion punps. The o0ld o0il was very dark and had been in the
apparatus ever since it was put into operation five years ago. The only
inprovenent noted as a result of this change has been & lowsr pressure on
the fore-vacuun side of the punps. As there are etill sone undiscovered
leaks it is too early to say whether the pump 0il change hoe resulted in any
improvenent in the vacuum on the high vacuun side of the purps.

5. Mnss Spectrometer as a Leak Detector

The use of a mnss spectrometer for leakdetection is by now an ancient
technique. However, we have never tried to use for this purpose the nass
spectroneter which is a part of our aprrratus. The reason for our tinmidity
has been that the ion gun seens to be vary unsultable for this purpose and we
have eventually found our leaks with the aid of the ionization geuge. Our
present prolonged period of uneuccessful lesk hunting, however, has driven

us to try the use of our nags spectrometer for leak hunting.
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The prelindnary tests conducied by Mr. Russell are very encourasiog.
Beliun wos adritted 4o the sysien by oeans of the coatrolled leak deccribed
in an cariier report. Twoe oess recks which were sensitive tc the H: pressure
were discovered with the mass spectromcter. Wiy thiore zre two pocks is aot
understood, btut they noy be a consaquence of ibe unguitable ion gun geonetry;
i.e., unsuitable for use in = ccrbired iornizer and accelerator of ioms.

8. Atcoadce Beors {onference

Al} of us attended the conference on atcmic beans held Augest 18, 19 aot
Brookhoven Bationnl) Laboratory. Feorly cverycone in the country working on
lecular znd gtondic beams wms present at the conference and a mmber cf very
icteresting pepers were presented. I feel that the confereuce wma inveluable
to our growg in its educational effects and in the cooumt of stimu’otion
provided us through the papers and conversaticns with other pclecular benn-
ists. It is our kope that this is only the first of such cordferences and
thot it oy be possible to holid one annunlly.

7. Electric Rescunence Yoltoeter

Since the Incepticn of the electric resomence method it hos probably
nccuwrrTaed Yo o oumber of people that an electric resonance cpparatus might be
used as @ high precision voltneter or wvoltage stondard bectise the frecuency
of o Stark line is directly dependent <on the field strencth of the honosencous
ficlic in which the transitions cccur. But it hes seened like o pretty compli-
cated wny to neasure voltage and no one seens to hove given the mtier any
sericus thought. However, the techniques «f usirg ncleculer beans have
edvanced so far mow {mostly thrcugh the comtributions neke by Zachariss at
N.I.7.) that ii appears that the develomment of a useful electric resomence
voltoeter my be 2 matter of vractieal concern. The basis for and pos2i-

bilities cf such an instrumernt will now be briefly discussed.
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A pripe requisite of a voltmeter or of & voltage standord is stability
and it is this question whick will be exonined first. In sur pelecular bean
electric resonence apparatuc the frequencies of obserwed lincs depend on the
paxr ticuler Dolecule selected and on tke electric field strength in the
honogenecus £ield (C-field). The techmiques of frequeacy meosurement and
stabilization hawve reached 2 very hiph lewel of Jdevelopment so thot theouch
the stobilization of the transition frequeacy it should be pessisle to
ctatilize to & highk degree of precisicn the electric field strength of the
C-field. This field 1s cbtained Ly the applieation of scme seat of electroe-
motive force to the plates of the field, so tant the ficld (E) is related to
the wvoltase (V) om the parallel plates of the C-ficld by

E = v¥/a
vhere @ is the separstion of the plates. Thus the stebility of ¥ depends on
the stability of d as well zos the frequency stability.

To get sone idea of the crder of stebility tc be expected let us consider
o particular exariple. In CsF the Stork frequency is about 1200 oc/sec whea
the electric fleld strength is 1700 mlts_lcm If the transiticn region is
10C cn long, the spectral line on which the epperatus would e set would nave
a width of obout 1 ke/sec. It should be possible to stay within about 250
cps of the 1line peck. This peans that in fterms of freguencies the stability
is soout 1 part in 5 illion. Freguency standnrds pow exist with o
stability greater than this. Eowever, the fregquency veries approxirately as
the square of the field strength so that in terms of the f£ield strength the
stebility is 1 port in 10 pilliomn.

Tc achieve this sane stability in the woltag: nscroess the C-fleld plates
the piate separaticn must be this stoble. If this sepereticm is 1 <, then
it must stay comstant tc better than 10 Angstron units, or better than 1/500
of a wovclength of vwisible lighc. This 1s a stringent requircment and may

not be ensily pet.
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Althoush no mnstrument now exiets which is copedble of achieviag this

stobility the specificaticns menticmed atowe scen to be reclistic in the
light of what we now know ebcut the electric resccance method ond about
Doleculer bean techniques in generni.

Given an instrument that has = voltege stobility of 1 pect in 10 milldcea,
whot pessible uses does it have? The follcwing wes can be viemnidzed:

1. Steondard "cell”
mmmmmmmmmsmdcenm
chnracteristics vwhich ore deteroined by a notural procoss.
Like the staondard cell it would reqire calidration, and te a
secondary stenderd of woltoge.

2. Prirmary woltaze stondord
If tle precisicn cbioicebic with thie instrurent suypasses
that of existing techniques of voltape pecsurenent, then the
possibility exists of making it a wrimory standard of ¥2ilage.

3. Potenticoeter
If 2 voltope Givider is added to the stabilized voltage cutput
of the instrumernt it can be used for nessuring unknown voltages;
i.e, it becomes 2 motenticoeter.

B, Vcltege stabilizer
It could te used to stabilize some axternal source of voltage.

The wvery high resistonce which is ocwmilable i the electric rescrance
instrument is a feoture.which my be very attractive for some applications.
It is difficult to cstimte this resistence ot present, but 1t would be the
resistance between two insuloted parallel plates scparsted, in the above
excrple, by 1 cn.

I have been cble to imcgine two possible users of an instrunent with
this precision: namely, the Bureou of Stanlards, and expericenters whose

-
-



epporatus for pessuring fundrmezntel constants reguires a very shable vollnge
source.

It should te pointed cut that an instrument cperaied oh ainost the sanc
rinciples es that cutlired zbove could be made using the pethods of cicro-
vave aobsorption sppiic’ to a moleculor bean. The difference in the two
nethods would 11 in the nethod of detecting resumcaces, the oderciave
obsorption pethod detecting the effect on the radiation, the present nmethod
detecting the effect on the benr. It is lilkely that o much somliler bean
irtersity could be used in the instrunent discussed above and thic moy e on

advantege in sooe applications.

Resgpectfully subuitted-

« W, Trischian
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